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CYCLIC STRESS STUDIES BY TIME-AVERAGED PHOTOELASTICITY

by

Y. Y. Hung, C. Y. Liang, J. D. Hovanesian and A. J. Durelli

ABSTRACT

This paper describes an experimental method whereby the amplitude of
cyclic stresses may be readily determined by time-averaged photoelasticity.
Using an ordinary polariscope with a monochromatic light source, "time-
averaged isochromatics fringes" are formed if the photographic film in
the camera is exposed with an 2xposure time equal to one or several
periods while the photoelastic model is undergoing stready state cyclic
loading. The fringe pattern depicts amplitudes of the oscillating
stresses according to the zeroth order Bessel function. These properties
permit the determination of a time-averaged cyclic stress-optic law. It
is also possible to use the method to determine time-averaged isoclinics.

The method has great potentiality in the study of in-plane vibrations.
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Introduction

A number of important two-dimensional problems in technology involves
sinusoidally varying stresses. Problems of this type can be studied
photoelastically using a synchronized stroboscope or a high-speed movie
camera. This brief paper presents an alternative method for studying
cyclic stresses. The method requires no special equipment-~-merely the
standard apparatus commonly used in photoelasticity laboratories; namely,
a polariscope and a still camera.

The time-average technique was first utilized in holography to study

(1 They showed that when a hologram

vibrations by Powell and Stetson.
was made of an object undergoing steady oscillation, its reconstruction
exhibited time-averaged interference patterns superimposed on the object
image. These patterns could be described mathematically by a zeroth
order Bessel function containing the vibrational amplitudes in its

argument. The same concept was also applied to moiré methods,(2’3) and

(4=7)

in speckle interferometry to determine either displacements or

displacement-derivatives due to vibrations.
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The Method

A photoelastic model undergoing steady-state =inusoidally cyclic
loading is placed in a plane polariscope, or in a circular polariscope
set for either dark or light field. The time varying isochromatics are
photographed by a camera with an exposure time equal to one or several
periods of the loading cycle. The processed photograph will exhibit a
time-averaged isochromatic fringe pattern which depicts the amplitude of
thé cyclic stresses, and the fringe orders correspond to the roots of a
Bessel function of zeroth order. In the case of the linear polarization

arrangement, isoclinics are also recorded.




Time-averaged cyclic stress-optic law

Assuming that the polariscope is in a dark field arrangement with

circular polarization, it is well—known(g) that the received intensity
by the camera can be represented by:
I =1- cos2D (1)

ST
where D = ) (Cl

Maxwell stress-optics coefficients, A 1is the wavelength of light and

- C2)(cl - 02), d 1is the model thickness, Cl’ C, are

01» 0, are the principal stresses.

Since in the case considered the model is undergoing sinusoidally

varying stresses, (ol - 02) is time dependent and can be expressed as

o Wi
5 G cos(ut + ¢) 2)
where Pk the maximum shear stress
w = circular frequency of the loading cycle
¢ = arbitrary phase.

If a photographic film is exposed to the intensity shown in Eq. (1) with
an exposure time equal to k periods, the light energy received is the

integration of ID over the exposure time, given by:

KT
E =f I, de (3)
(o]

where ED is the exposure and T is the period of the loading cycle.

==




Integration of Eq. (3) yields:

41dC
£ v el -3 PS5 1) (4)

where C = C1 - C2
The above equation predicts that the formation of time-averaged isochro-
matics with minimum intensity (dark fringe) occurs when the zeroth order
Bessel function attains its maximum value. The fringes depict the
distribution of T, s the amplitude of the cycling stresses.

A similar analysis will show that the time-averaged isochromatic
fringes in a light field polariscope can be represented by

E, = kI{l + Jo[ﬂ;ﬁ 1} (5)

Here, dark fringes correspond to the minimum values of Jo.
In the case of the plane polariscope, the time integrated intensity

received on the photographic film can be shown to be

E = kT{l - Jo[i;ﬂ:- ro]} « sin 26 6)

Where 6 1is the isoclinic angle.

Fringe Interpretation

In instantaneous photoelasticity, the relationship between the

maximum shear stress 1t and dark fringes is given as:
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where n = fringe order and f(=b%Q is the material fringe value.

In a dark field circular polariscope, n takes the values:

0, 1, 2, 3, ..... and in the light field circular polariscope the values:

B e
522

Note that in the time-average method presented in this paper, fringe

pattern is described by Eqs. (4) and (5). Thus the dark fringes occur
when the Bessel function is maximum in a dark field arrangement and minimum
in a light field setup. When Eq. (7) is used to interpret time-averaged
fringes, the values of n should be

n= 0 112 20 3 2 G2 e
for dark field polariscope, and

n = 0.610, 1.62, 2.62, 3.62, 4.62 ., . . . .
for light field.
Higher fringe orders can be found in a table of zeroth order Bessel

functions.

Experimental Demonstration

Chosen for demonstration were two cantilever beams, one rectangular,
and the other with a notch. Both beams were clamped at one end and
periodically loaded at the free end. The sinusoidally varying loading
was produced by hanging a spring-mass system from the free end. When the
mass was set to free vibration (damping considered negligible), a
sinusoidally varying load was applied to the beam. In the experiments,
the time varying isochromatics were photographed with an exposure time of

approximately two periods of the oscillation. The processed photographs

-5




exhibited the time-averaged isochromatics shown in Figs. 1(a) and 2(a)
for beams with and without a notch, respectively. For the purpose of
comparison, isochromatics of the rectangular beam, under static loading
of same free end deflection as the amplitude of the cyclic loading, are
shown in Figs. 1(b) and 2(b). A comparison of the reading of the
time-averaged and static isochromatic fringe orders are also presented
in Figs. 1 and 2.

This illustration shows application of the method to a very simple
case for which the static solution practically coincides with the static
one. This method, as easily visualized, can be applied to any two-

dimensional problem of in-plane complex system of vibrations.
Conclusion

It has been shown that time-averaged isochromatics fringes may be
recorded when a photoelastic model is undergoing a sinusoidally varying
stress. The fringe pattern is depicted by a Bessel function of zero-order
since the amplitude of Bessel function decreases with increasing argument
value. The fringe visibility diminishes as the fringe order increases.
This may be a problem in cases involving high stress concentrations. This
is already evidenced by the time-averaged isochromatics of the beam with

a notch.
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FIGURE 1 DARK FIELD ISOCHROMATICS IN A CANTILEVER BeAM
SUBJECTED T0: (A) TIME-AVERAGED STEADY VIBRATION
AND (B) STEADY LoADING APPLIED TO THE FREE END
(SAME AMPLITUDE IN BOTH CASES AT THE FREE END)
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Ficure 2 LiGHT F1ELD ISocHROMATICS IN A CANTILEVER BEAM
SUBJECTED T0: (A) TIME-AVERAGED STEADY VIBRATION
AND (B) STEADY LOADING APPLIED To THE FREE END
(SAME AMPLITUDE IN BOTH CASES AT THE FREE END)
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